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Introduction: Viscosity

Year Event

1927 Experiment set up
1930 The stem was cut
1938 (Dec) lst drop fell
1947 (Feb) 2nd drop fell
1954 (Apr) 3rd drop fell
1962 (May) 4th drop fell
1970 (Aug) 5th drop fell
1979 (Apr) 6th drop fell
1988 (Jul) 7th drop fell

2000 (Nov) 8th drop fell




Navier-Stokes Hydrodynamics

T = (p + e)u®u’ — pg*® + §T*F
N =nu®™ 4+ oN“

Local rest frame: TOOO — uO,
N =n u’

Landau frame: STV
Eckart frame: ON
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Shear and bulk viscosity:
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mean free path

4

— ~P Tco
i 52? 11

Gyulassy, Pang, Zhang, Nucl. Phys. A 626 (1997)
Teaney PRC 68 (034913) 2003

Non-zero interaction range
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Chemical non-equilibrium
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offset from equilibrium: ON = —Tchem dQ;eq
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larger when T falls or m rises



Dynamic mean fields
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| Sources of Viscosity

Example: Linear Sigma Model

1 A2 2
H = —§0V20+ Z (0'2 — fw | ) — th‘|_Hquarks(m — gO’)

1st order when
g > 3.5549

crossover when
g < 3.5549

K. Paech & S. Pratt Viscosity near the critical point




| Sources of Viscosity

Linear Sigma Model
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How might this effect the dynamics?

- “traffic jam”
- flash-like emission




Summary

Numerous sources of viscosity

- finite collision time (shear)

- finite interaction range (shear + bulk)
- chemical nonequilibrium (bulk)

- non-equilibrium fields (bulk)

Shear viscosity important at early times
affects elliptic flow

Bulk viscosity important near T¢, alternatively can be included through:

- explicit chemical evolution
- explicit evolution of fields



